SUMMARY -Microdiscectomy (MD) is accepted nowadays as the operative method of choice for lumbar disc herniation, but it is not rare for neurosurgeons to opt for standard discectomy (SD), which does not entail the use of operating microscope. In our study, diff erences in disc herniation recurrence and clinical outcome of surgical treatment of lumbar disc herniation with and without the use of operating microscope were assessed. Our study included 167 patients undergoing lumbar disc surgery during a three-year period (SD, n=111 and MD, n=56). Clinical outcome assessments were recorded by patients via questionnaire forms fi lled out by patients at three time points. Operation duration, length of hospital stay and revision surgeries were also recorded. According to study results, after one-year follow up there was no statistically signifi cant diff erence between the SD and MD groups in functional outcome. However, we recorded a statistically signifi cant diff erence in leg pain reduction in favor of the MD group. According to the frequency of reoperations with the mean follow up period of 33.4 months, there was a statistically signifi cant diff erence in favor of the MD group (SD 6.3% vs. MD 3.2%). Th ere appears to be no particular advantage of either technique in terms of functional outcome since both result in good overall outcome. However, we choose MD over SD because it includes signifi cantly lower recurrent disc herniation rate and higher reduction of leg pain.
Introduction
Elective lumbar discectomy is regarded a good treatment option for lumbar disc herniation and one of the most common neurosurgical procedures. Discectomy is considered the gold standard in the treatment of lumbar disc herniation patients if sciatica or neurological deficits occur and still persist after a course of conservative therapy 1, 2 . In 1934, Mixter and Barr were the first to recognize herniated disc as a common cause of neural compression in the lumbar spinal canal and advocated surgical approach to the problem 3 . Surgical approach, commonly known as standard discectomy, is still employed today, accompanied by a number of technical modifi cations implemented over years, and includes partial hemilaminectomy and partial discectomy for herniated disc removal. A new era in the operative management of lumbar disc herniation began in the year 1977 with the use of operating microscope for surgical removal of herniated disc material 4, 5 . Soon after the introduction of the above mentioned innovation, according to the fi rst results, it was pointed out that microdiscectomy was just as effi cient as standard discectomy, having certain advantages over the latter 6 . Compared with the standard open discectomy, microdiscectomy enabled the use of smaller incisions of the skin and fascia and facilitated a less traumatic surgical procedure, thereby reducing postoperative pain and hospital stay.
Although microdiscectomy is accepted nowadays as the method of choice for the presenting pathology, it is not rare for neurosurgeons to opt for standard discectomy, which does not entail the use of operating microscope. Over the last two decades, several kinds of operative techniques have been generated in the treatment of lumbar disc herniation patients (chemonucleolysis, laser discectomy and endoscopic-assisted techniques), but they have not become widely accepted into clinical practice due to having a limited range of indications and often unsatisfactory clinical results [7] [8] [9] . Th e newer minimally invasive methods (microendoscopic or tubular discectomy), which appear to be generally accepted nowadays, have been proven to be a satisfactory alternative to microdiscectomy. Th e major advantages of endoscopic discectomy are reported to include signifi cantly less muscle damage 10 and less peridural scar tissue formation 11 . However, there were no statistically signifi cant diff erences in the fi nal clinical treatment outcome 12 . Several retrospective [13] [14] [15] and prospective 16, 17 randomized studies have been published so far, comparing the relative merits of microdiscectomy and standard discectomy, which imposes a general conclusion that there is no clinically relevant diff erence in the clinical treatment outcome even after continuous long-term monitoring of patients.
It is our belief that a drawback of prospective randomized studies is the fact that they are highly infl uencing the choice of surgical procedure performed by the individual surgeon because if the surgeon is not familiar with his/her own chosen method, its application can aff ect the fi nal clinical treatment outcome. In addition, most of the studies are dedicated to the surgical aspects in the treatment of patients, including possible complications, surgery duration and hospital stay. Although pain assessment method is covered in numerous studies, there are quite a few studies that include patient self-rated outcome scale, which turns out to be essential in the clinical outcome assessment. Unlike most other studies, we included the problem of recurrent disc herniation that required reoperation.
Our study presents an attempt to make a multidimensional comparison between the course and outcome of surgical treatment of lumbar disc herniation with and without the use of operating microscope.
Patients and Methods
Our study was designed as a prospective non-randomized study and it included patients undergoing lumbar disc surgery during the three-year period at the Center for Neurosurgery, Kragujevac Clinical Center in Kragujevac, Republic of Serbia. Clinical outcome assessments were recorded by the patients via questionnaire forms fi lled out by the patients preoperatively, three months after surgery and properly conducted physical therapy program, and also one year after surgery. Th e questionnaires contained the following parameters: Visual Analog Scale (VAS, 0-10) used as a tool in quantifying patient experience of back and leg pain intensity and Oswestry Disability Index (ODI, 0-100%disability) used for assessment of disability and functional recovery in patient daily activities. Th e ODI is considered the 'gold standard' of low back functional outcome tools 18 . Operation duration, length of hospital stay and revision surgeries were also recorded.
Th e mean follow-up in terms of potential reoperation and other surgical complications in the postoperative period was 33.4 months.
Th e criteria for inclusion into the study were defi ned as: single level lumbar disc herniation; monoradicular symptoms with predominant sciatica compared to less severe lower back pain; conservative treatment failure or intolerable sciatica, or rapidly progressive neurological defi cits (including motor defi cits, bladder dysfunction, partial and complete cauda equina syndrome).
Exclusion criteria were defi ned as a history of previous lumbar back surgery; signs of spinal instability or other spinal abnormalities; excessive obesity; body mass index above 35 19 ; and history of psychiatric or addiction and mental disorders.
Procedures were performed under general anesthesia and patients were placed in the genupectoral position. Th e aff ected interlaminar space was localized by lateral x-ray fl uoroscopy just before and with confi rmation during surgery. Microdiscectomy was performed after a horizontal skin incision of approximately 4-5 cm in length above the lumbar spinal seg-ments and incision of lumbodorsal fascia and subperiostal preparation to the interlaminar space. Using the operating microscope (Carl Zeiss Co., OPMI Vario/NC33, Oberkochen, Germany), the following aspects of the surgery were performed: partial hemilaminectomy of the superior and inferior lamina and partial fl avectomy. After these aspects had been performed, the herniated disc was removed. In addition, all patients were mobilized during the fi rst 24 hours after surgery.
Th e protocol of the present study was approved by the institutional ethics committee.
Data are presented as mean ± standard deviation (SD) or median (range). For comparison of the two treatment modalities, the independent samples t-test was used for normally distributed data and the MannWhitney test for skewed data. Th e paired samples t test was used to test statistical diff erence between two time points within each procedure. Th e c 2 -test was used to analyze the association between surgical group and reoperation rate. Statistical significance was accepted at the p≤0.05 level. Statistical data analyses were done using SPSS Statistics 22.
Results
During the study period, 223 patients diagnosed with lumbar disc herniation underwent surgery by four experienced neurosurgeons. Th e study admission criteria were satisfi ed by 167 patients and at the same time they were available when requested to complete the questionnaires. Depending on the surgeon's preference, 111 patients underwent surgery by using the method of standard discectomy, that is, without using operative microscope, whereas 56 patients underwent surgery by the method of microdiscectomy. Th e standard discectomy group had 57 men and 54 women undergoing surgery, whereas the microdiscectomy group included 34 men and 22 women. Th e mean age of patients in the standard discectomy group (SD) and microdiscectomy group (MD) was 44.9 (range: 17-75) years and 44.8 (range: 19-67) years, respectively. Th e most common level of disc herniation was at the level of L5/S1 lumbar vertebrae in both groups (SD, n=61 and MD, n=28), and then at the level of L4/L5 (SD, n=33 and MD, n=17).
Th ere were no statistically signifi cant group diff erences in the operation duration or the length of hospital stay. In both groups, surgery was usually completed during the fi rst hour from the beginning of operation, which was observed in 74.3% of SD cases and 68.7% of MD cases. Th e mean duration of hospital stay was 5.6±2.8 (range: 3-9) days in the SD group and 6.7±3.1 (range: 4-11) days in the MD group.
Th e mean preoperative ODI score in the SD group was 58.34±21.32 (range: 23-94) and mean VAS leg Th ere was no statistically signifi cant diff erence between the two groups according to these initial parameters (Table 1) . While completing the questionnaires for the second time at 3 months postoperatively, signifi cant reduction was noted in the perceived pain score for leg pain and for LBP in both study groups. Th e mean VAS for leg pain in the SD group was 3.0±2.5 (range: 0.5-7.5), compared to 2.8±2.3 (range: 0-7) in the MD group. Th e mean VAS for LBP in the SD group was 2.1±2.2 (range: 1-5.2), compared to 1.9±2.0 (0-6.1) in the MD group. Also, a signifi cant decrease in ODI values was observed: 25.67±18.43 (range: 4-63) in the SD group and 22.4±16.14 (range: 0-43) in the MD group. Th ere was no statistically signifi cant diff erence between the two groups in the monitored parameters after three months of surgery. Th ere was no statistically signifi cant diff erence in the reduction of ODI and VAS values for leg and back pain at three months either (Table 2) .
At 12-month follow-up after operative treatment, the patients were requested to complete the questionnaires once again. Both groups showed a clinically important trend towards a decrease in the VAS of leg pain and ODI scores, whereas LBP values determined using the VAS scale demonstrated a minimum decrease compared to the previous examination. Th e SD patients displayed the mean leg pain level of 2. Signifi cant reduction in LBP intensity was noted as well. Th e corresponding values for LBP reduction were 2.7 in the SD group and 2.6 in the MD group. Th e preoperative mean ODI values after one year decreased by 39.21 in the SD group and by 40.45 in the MD group (p<0.001 both), yielding a statistically signifi cant improvement in both groups. At one-year follow-up, there was no statistically signifi cant diff erence between the SD and MD groups according to the reduction in VAS score for back pain or reduction in ODI values. However, we recorded signifi cant diff erence in the leg pain reduction by VAS (p=0.038) in favor of the MD group (Table 3) .
Of the 167 patients in the database with the mean follow-up of 33.4 months, nine (5.4%) patients underwent reoperation. In the SD group, seven (6.3%) patients underwent reoperation, whereas fi ve (4.5%) pa- 
Discussion
Th e present study sought to investigate diff erences in the functional outcome after lumbar disc excision with and without the use of microscope, and also to detect whether there were signifi cant diff erences in terms of the pain syndrome reduction. If each group is assessed separately, both groups displayed signifi cant improvement in terms of leg and low back pain intensity scores, showing good recovery according to the ODI. Th e only statistically signifi cant diff erence noted between the two groups was reduction in the leg pain intensity score. Although no signifi cant diff erence was noted at 3 months post-surgery, there was a statistically signifi cant reduction in leg pain intensity at 12 months in the MD group (pain reduced by 6.3 points) compared to the SD group (pain reduced by 5.4 points). Th e verifi ed diff erence could be attributed to the lower preoperative leg pain score in the SD group, which could be caused by better patient selection for operative treatment in the MD group.
Although we had expected better functional outcomes after surgical treatment in the MD group because they had the advantage of less tissue trauma and better visualization, no statistically signifi cant diff erences were detected between the two groups in outcomes based on the results obtained by the ODI and VAS. Our starting hypothesis was not verifi ed in the works of other authors either, who used various questionnaires for treatment outcome assessment 14, 16, 24, 25 . Most of the above mentioned studies share the same view related to the signifi cant reduction in leg and low back pain intensity in both groups, completed with excellent functional recovery, but the overall results are not statistically and clinically signifi cant. In addition, some segments of the studies show the authors' preference for one of the treatment modalities. However, their overall results are generally heterogeneous.
Th e main reason why our study diff ers from the majority of other studies is the follow-up of lumbar disc reherniation rate and the need for reoperation. Th e abovementioned studies do not give their views on recurrent lumbar disc herniation. Our study showed Reoperation rate (%) 5.4 3.2 p=0.0001 VAS = Visual Analog Scale; ODI = Oswestry Disability Index that after microdiscectomy, there was a statistically less chance of reoperative treatment because of recurrent lumbar disc herniation or excessive fi brous traction of the dural sac and spinal roots. We attribute this result to better visualization of the neural structure and pathologic substrate, and their mutual relations. According to a few available studies on recurrent lumbar disc herniation, the reoperation rate is 6%-24% depending on the length of follow-up [20] [21] [22] . Studies having similar length of follow-up just like ours are reported to have the reoperation rate of approximately 10% 23 , which is a considerably higher rate compared to our study. However, it is not the diff erence related to the reoperation rate that proves the higher level of efficiency in lumbar disc herniation treatment (demonstrated by our own results), but the reasons for claiming this should be found in setting diff erent indications for reoperation.
In the present study, the use of microscope did not lengthen the duration of the operation, although a higher percentage of the operation cases in the SD group lasted for less than one hour. Th e operating time varies in other studies depending on the use of microscope. Our results are in agreement with the fi ndings of some earlier studies 26 , some of which even report a shorter operation time when using the standard discectomy technique 16, 17, 24 . However, there are only a few authors who came to the following conclusion and report a shorter operation time when using the microscope 14 . Th e operating time is an important factor to consider, especially the aspect of blood loss and intraoperative risk factors for surgical site infections. According to the fi ndings of some studies, one of the benefi ts of microdiscectomy is a signifi cantly decreased perioperative blood loss [26] [27] [28] . In terms of surgical data, considering the fact that the increased visualization allowed for smaller incisions of the skin and fascia, less tissue trauma and more effi cient hemostasis are expected. However, bearing in mind that blood loss reported for standard discectomy does not aff ect the hemodynamic stability of the patient, the aforementioned surgical data cannot be taken as an essential factor for the choice of one of the surgical methods given. In addition, blood loss is directly proportionate to the length of operation duration, which is frequently dependent on the individual surgeon's skills per se, and not so much on the operating method preferred.
Our study concurs with the recently published results 16, 25, 26 , which demonstrated that both standard discectomy and microdiscectomy were appropriate techniques with no diff erence in outcomes. However, studies concerned with patient earlier return to work/ normal activities are reported to choose microdiscectomy over standard discectomy 24, 28 . Th ese results were explained by the correspondingly reduced tissue trauma during microsurgery. However, the results given should not be fully taken into consideration because they are strongly infl uenced by diff erences in the worker compensation policies in diff erent countries worldwide.
As regards the length of hospital stay, there was no clinically relevant diff erence between the two groups in our study. Th ere are some studies favoring microdiscectomy 16, 27, 28 , but also there are other studies supporting the results obtained in our study 26 . However, this variable, too, is often dependent on the factors other than the medical ones, such as healthcare policies and insurance systems in a particular country.
When making comparison between our study and a number of similar studies in this respect, some studies are reported to have the following drawbacks: retrospective character 28 , and the fact that there is only one surgeon and patients randomized to treatment by using one of the aforementioned methods 13, 16 . If the validity of our study is subject to discussion, it is our belief that its main advantages were related to the fact that the surgeon was enabled to implement a familiar technique and relatively uniform indications for surgery. In addition, in our study, patients were not randomized to treatment by the use of specifi c modality, but it was the surgeon who made fi nal choice in the way that best served the patients' interests, and the choice itself was related to the adequate treatment modality, depending on the pathology-based substrate. Apart from the patient inclusion criteria for the study, the approximate mean initial VAS and ODI values provide similar indications for surgery. Th e similarity of frequency of disc herniation level, gender distribution and mean age in both groups additionally demonstrate the level of compatibility between the two patient groups. Finally, although the two group sizes were diff erent, the MD group size (56 patients) was still large enough to give the study suffi cient power to reach appropriate conclusions.
We have come to a conclusion that in terms of patient-rated outcomes, there appears to be no particular advantage of either technique for the operative treat-ment since they both result in good overall outcome. In addition, there was no signifi cant diff erence in the overall functional outcome after standard discectomy and microdiscectomy procedures. Bearing in mind the results obtained, along with a constant tendency in spine surgery towards developing minimally invasive techniques, an important concern has been raised regarding the justifi cation of fi nancing a plethora of the above mentioned tools for minimally invasive spinal surgery. Good overall long-term functional outcome in both groups imposes a conclusion that the surgeon should make decision to use a specifi c operative technique relating to whether he/she is adept in his/her own chosen method. However, we choose microdiscectomy over standard discectomy because it includes a signifi cantly lower recurrent disc herniation rate and higher reduction of leg pain, as observed in the present study. In addition, one of the most obvious advantages of microdiscectomy is its superiority in teaching younger colleagues, for it provides a brief overview of insights into the neuroanatomy and pathologic substrate, which is not always possible to achieve when it comes to standard discectomy.
